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METHOD AND APPARATUS FOR
INSPECTION AND FAULT ANALYSIS

REFERENCE TO RELATED APPLICATION

This application 1s based upon and claims the benefit of the
priority of Japanese patent application No. 2007-17255 filed
on Jun. 29, 2007, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference thereto.

TECHNICAL FIELD

This vention relates to a method and apparatus for
ispection and fault analysis of a semiconductor chip. More
particularly, 1t relates to a method and apparatus for mspect-
ing an LSI, detecting a defective LSI chip and for locating a
defective site on the LSI chip by a non-destructive narrowing
for targeting (or focusing) technique (termed “targeting nar-
rowing technique™ hereinafter).

DESCRIPTION OF RELATED ART

The methods and apparatus for inspecting a semiconductor
chip, such as LSI chip, are used for detecting a defective chup
in order to verity acceptability/unacceptability of a semicon-
ductor chip. On the other hand, the methods and apparatus for
fault analysis of a semiconductor chip are used to 1dentily a
defective site of a semiconductor chip, verified to be a detec-
tive chip, 1n order to investigate into the cause of the defect.
The sequence of operations for fault analysis of a semicon-
ductor chip 1s roughly classified into two steps. In a first step,
possible defective sites on a semiconductor chip are non-
destructively detected to a micrometer order (defective site
targeting narrowing technique). The site thus found by the
targeting narrowing technique 1s then subjected to a destruc-
tive physico-chemical analysis (physico-chemical analysis
technique).

The following 1s a conventional technique concerming
methods and apparatus for imnspecting an LSI chip (related art
example 1). Referring to FIGS. 6 and 7, a power supply
voltage 1s supplied to an LSI chip 101 from a power supply
section 107 of an LSI tester 103 via a stage 102 (step B1). A
test pattern 1s then entered to the LSI chip 101, via stage 102,
from a test pattern generator 106 1n the LSI tester 103 (step
B2). An IDDQ current value (quiescent state power supply
current value) of the LSI chip 101 1s measured by an IDDQ
measurement section 1035 of the LSI tester 103 (step B3). The
measured value 1s compared to areference value by a pass/fail
decision section 104 of the LSI tester 103 to verity whether or
not the IDDQ value 1s an abnormal current value (step B4). IT
the measured value 1s an abnormal value (YES of step B4),
the chip being tested 1s recognized to be an IDDQ abnormal
chup (step BS). If conversely the IDDQ value 1s not an abnor-
mal value (NO of step B4), another test pattern is entered from
the test pattern generator 106 via stage 102 to the LSIchip 101
(step B6) and an IDDQ value 1s measured by the IDDQ
measurement section 105 (step B3) to repeat the steps as from
the step B4.

Among the conventional techniques for methods and appa-
ratus for fault analysis of semiconductor chips (related art
example 2), there are those shown e.g. in Patent Document 1
and Non-Patent Document 1. Referring to FIGS. 9 and 10, a
power supply voltage 1s in1tially applied from a power supply
section 207 1n an LSI tester 203 via stage 209 to an LSI chip
201 (step C1). A test pattern, verified from the outset with the
related art example 1 to exhibit IDD(Q abnormality, 1s sup-
plied from a test pattern generator 206 1n the LSI tester 203
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via stage 209 to the LSI chip 201 (step C2). The IDDQ value
(quiescent state power supply current value) of the LSI chip

201 1s measured by an IDDQ measurement section 205 of the
LSI tester 203. The measured IDDQ) value 1s checked as to
whether or not 1t 1s coincident with a value measured with the
related art example 1, by way of verification of reproducibil-
ity of abnormality measurement (step C3). If the reproduc-
ibility has not been confirmed, the problem related with the
LSI tester 203 or with the LSI chip 201 1s first solved, after
which processing 1s again 1nitiated as from step C1. Mean-
while, the case where the reproducibility has been confirmed
1s not indicated. If conversely the reproducibility 1s noticed,
the power supply applied to the LSI chip 201 1s switched from
a power supply section 207 of the LSI tester 203 to a power
supply section, not shown, of an IR-OBIRCH (Infrared Opti-
cal Beam Induced Resistance Change) device 202 (step C4).
The LSI chip 201 1s then scanned and illuminated by a light
beam 212 from an optical system 208 1n the IR-OBIRCH
device 202, to display an IR-OBIRCH 1mage on an display
section 211 1n the IR-OBIRCH device 202, via an
IR-OBIRCH controller 210 1n the IR-OBIRCH device 202
(step C5). The IR-OBIRCH 1mage, displayed on the display
section 211, 1s visually observed to detect a route of the
abnormal current or a detect (step C6). It should be noticed
that the optical system 208 may be provided with the function
of modulating the laser beam, while the IR-OBIRCH control-
ler 210 may include a lock-1n amplifier.
[Patent Document 1] JP Patent Koka1 JP-A-11-310266
[Non-Patent Document 1] Morimoto, Noguchi, Nikawa and
Inoue, ‘Instances of Fault Analyses of LSIs using an IR-
OBIRCH system’, Conference minutes, LSI Testing Sym-
posium, Nov. 4, 1999, page 224

SUMMARY OF THE DISCLOSUR

L1

The entire disclosures of above Patent and Non-Patent
Documents are herein incorporated by reference thereto. The
tollowing analysis are given by the present invention.

I1, with the method or apparatus for inspection, according,
to the related art example 1, an IDDQ value of a normal chip
1s small, an IDDQ abnormal chip may be detected by setting
areference value for an IDDQ) value intermediate between the
IDDQ value distribution of a normal chip and that of an
abnormal chip, in such a manner that the reference value
belongs to neither the distribution of the normal chip nor the
distribution of the abnormal chip, as shown 1 FIG. 8(A).
However, in case of a larger IDDQ) value for the normal chip,
there are cases where the IDDQ) value distribution of a normal
chip and that of an abnormal chip overlap with each other, as
shown 1n FI1G. 8(B). This renders 1t difficult to set a reference
value for verilying a normal/abnormal chip, and hence to
detect an IDDQ abnormal chip.

With the method and apparatus for fault analysis according,
to the related art example 2, the step of 1identifying an IDDQ)
abnormal chip and a step of detecting an abnormal current
route or a defect are carried out separately, which means a
labor-consuming 1neificient operation. Further, with the
method and apparatus for fault analysis according to the
related art example 2, 1t 1s necessary to use an expensive LSI
tester, thus raising the cost.

It 1s a principal object of the present invention to provide a
method and apparatus for mspection and fault analysis of a
semiconductor chip, according to which 1t 1s possible to 1den-
tify an abnormal chip even in case of larger power supply
current of a normal chip.

In a first aspect according to the present invention, there 1s
provided a method for mspection and fault analysis. The
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method comprises a step of delivering a test pattern as an
input to a semiconductor chip, and a step of scanning and
i1lluminating the semiconductor chip with a laser beam, at the
time of delivering the test pattern as an input. Thereby the
semiconductor chip 1s heated and the resistance changes are
visualized 1n the semiconductor chip to generate an 1image. A
decision 1s given on the presence or absence of an abnormal
current route conducting an abnormal IDDQ) 1n the semicon-
ductor chip, based on the 1image obtained on visualizing the

resistance changes.

In a second aspect according to the present invention, there
1s provided an apparatus for detection and fault analysis. The
apparatus includes a stage in which a semiconductor chip 1s
mounted thereon, and a test pattern generator that supplies a
test pattern via the stage to the semiconductor chip. An optical
system has a function of modulating the laser beam. This
optical system operates so that the semiconductor chip is
scanned and illuminated by a modulated laser beam. The
apparatus according to the present invention also includes a
controller for taking out a signal from the semiconductor chip
through a lock-1n amplifier which 1s configured for taking out
only a signal portion of a preset frequency 1n a signal from the
semiconductor chip. The controller performs 1mage process-
ing of correlating the signal portion thus taken out with scan-
ning points. The apparatus according to the present invention
turther includes a display section displaying an image based
on an 1mage signal from the controller.

The mentorious effects are achieved as follows. According
to the present invention, an abnormal chip may be 1dentified
even 1n case ol a large power supply current of the normal
chip. In the related art (comparative) example 1, distributed
leakage current, conducted 1n both a normal chip and an
abnormal chip, cannot be visualized, so that it 1s difficult to
identify an IDDQ abnormal chip. With the IR-OBIRCH
method, 1n which resistance changes in the semiconductor
chip, caused by i1lluminating a light beam to the semiconduc-
tor chip to heat the chip, are observed, it 1s possible to visu-
alize the route along which flows the current 1n a concentrated
tashion.

Further, according to the present 1nvention, an
IR-OBIRCH image may be observed at a higher speed at the
time of recognizing an abnormal LSI chip than when the
normal IR-OBIRCH image 1s observed, with the result that
the IR-OBIRCH 1mage may be observed more efliciently
than with the conventional method. Additionally, with the
present invention, the LSI tester, needed with the conven-
tional method, may be dispensed with, and an inexpensive
test pattern generator may be used, with the result that the
inspection may be carried out at a low cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram showing the constitu-
tion of an apparatus for inspection and fault analysis accord-
ing to a first exemplary embodiment of the present invention.

FIG. 2 1s a flowchart for schematically illustrating the
operation ol the apparatus for mspection and fault analysis
according to the first exemplary embodiment of the present
invention.

FI1G. 3 1s a schematic view for 1llustrating the operation of
the apparatus for inspection and fault analysis according to
the first exemplary embodiment of the present invention.

FI1G. 4 15 a flowchart schematically illustrating the opera-
tion of an apparatus for mspection and fault analysis accord-
ing to a second exemplary embodiment of the present mnven-
tion.
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FIGS. 5(A) and 5(B) are schematic views showing IR-
OBIRCH images obtained on a apparatus for inspection and

fault analysis according to the second exemplary embodiment
of the present invention, under a standard condition and under
a high-speed condition, respectively.

FIG. 6 1s a schematic block diagram schematically show-
ing the constitution of an apparatus for inspection and fault
analysis according to a related art (comparative) example 1.

FIG. 7 1s a flowchart schematically illustrating the opera-
tion of the apparatus for inspection and fault analysis accord-
ing to the related art example 1.

FIGS. 8(A) and 8(B) are graphs showing IDDQ value
distribution for illustrating the problems of the related art
example 1 for smaller and larger IDDQ values of the normal
chip, respectively.

FIG. 91s ablock diagram schematically showing the opera-
tion of the apparatus for inspection and fault analysis accord-
ing to a related art (comparative) example 2.

FIG. 10 1s a flowchart schematically showing the operation
ol the apparatus for inspection and fault analysis according to
a related art (comparative) example 2.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

I1, 1n the method for inspection and fault analysis according,
to the present invention, there 1s no abnormal current route, 1t
1s preferred to carry out a step of delivering another test
pattern different from the imitially delivered test pattern to the
semiconductor chip. Preferably, the step of visualizing resis-
tance changes of the semiconductor chip is carried out at the
time of delivering the other test pattern.

In the above method for inspection and fault analysis
according to the present invention, it 1s preferred that the step
of visualizing resistance changes of the semiconductor chip
carried out under a first condition. If the presence of the
abnormal current route has been determined 1n the decision
gving step, the semiconductor chip may be scanned and
illuminated by a laser beam under a second condition for
heating the semiconductor chip for visualizing resistance
changes in the semiconductor chip. After carrying out the step
of visualizing the resistance changes 1n the semiconductor
chip under the second condition, a step of detecting a defect
and an abnormal current route conducting an abnormal IDD(Q)
in the semiconductor chip may be carried out, based on the
image obtained on visualizing resistance changes 1n the semi-
conductor chip. Pretferably, the first condition 1s a condition
with a higher speed than 1n the second condition.

In the method for inspection and fault analysis according to
the present invention, preferably, the first condition 1s one of
a condition of using a laser beam of a higher modulation
frequency than 1n the second condition, a condition of using a
laser beam of a higher scanming speed, and a condition of
decreasing the number of pixels of the 1mage per picture
image, or a combination thereof.

In the apparatus for detection and fault analysis according,
to the present invention, the optical system having the func-
tion of modulating the laser beam, preferably, operates so that
the semiconductor chip 1s scanned and illuminated by the
laser beam during the time the test pattern 1s delivered by the
test pattern generator to the semiconductor chip.

In the apparatus for detection and fault analysis according,
to the present invention, preferably, the controller confirms
the presence or absence of the abnormal current route based
on the image signal.

In the apparatus for detection and fault analysis according,
to the present invention, preferably, the controller controls the
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test pattern generator to switch from outputting the test pat-
tern to outputting another different test pattern in case of the

absence of the abnormal current route. The controller subse-
quently may manage control for taking out a signal from the
semiconductor chip through the lock-in amplifier and for
correlating the signal thus taken out with scanning point(s).

In the apparatus for detection and fault analysis according,
to the present invention, the controller, preferably, exercises
control for performing the operation of taking out the signal
from the semiconductor chip under a first condition, and for
performing the operation of taking out the signal from the
semiconductor chip under a second condition 11, 1n confirm-
ing the presence or the absence of the abnormal current route,
the presence of the abnormal current route 1s confirmed. The
controller, preferably, exercises control for image processing
for taking out a signal from the semiconductor chip under the
second condition, carrying out the 1mage processing ol cor-
relating the signal taken out with the scanning point(s), and
for subsequently detecting a defect and an abnormal current
route conducting the abnormal IDDQ) 1n the semiconductor
chip, based on an 1mage signal resulting from the image
processing. The first condition may be a condition with a
higher speed than in the second condition.

In the apparatus for detection and fault analysis according,
to the present invention, preferably, the first condition 1s one
of a condition of using a laser beam of a higher modulation
frequency than 1n the second condition, a condition of using a
laser beam of a higher scanning speed, and a condition of
decreasing the number of pixels per picture image, or a com-
bination thereof.

First Exemplary Embodiment

A method and an apparatus for mspection and fault analy-
s1s according to a first exemplary embodiment of the present
invention are now described with reference to drawings. FIG.
1 1s a schematic block diagram showing the constitution of an
apparatus for inspection and fault analysis of the first exem-
plary embodiment.

An apparatus for inspection and fault analysis of the first
exemplary embodiment 1s used for identifying an abnormal
chip 1n a manufacture process of an LSI chip 1 (semiconduc-
tor chip), by way of mspection, and for locating a possible
fault site by targeting narrowing to decide a site of fault on the
abnormal chip to mvestigate into the cause of the fault. The
apparatus for inspection and fault analysis includes an IR-
OBIRCH device 2 and a test pattern generator 3.

The IR-OBIRCH (Infrared Optical Beam induced Resis-
tance Change) device 2 1s used for visualizing resistance
changes induced on laser beam heating, and includes a stage
4, an optical system 3, provided with the function of modu-
lating a laser beam, an IR-OBIRCH controller 6 and a display
7. As for the IR-OBIRCH device, reference 1s made to Patent
Document 1 and Non-Patent Document 1, the entire disclo-
sures thereol being herein incorporated by reference thereto.

The stage 4 1s a table on which to set the LSI chip 1 as a
sample. The stage 4 15 electrically connected to the test pattern
generator 3 and recerves a test pattern from the latter to output
the test pattern recerved to the LSI chup 1. The stage 4 1s
configured so that a laser beam 8 from the optical system 35
provided with the function of modulating a laser beam wall
1lluminate the back surface of the LSI chip 1. The stage 4 1s
clectrically connected to and controlled 1n 1ts operation by the
IR-OBIRCH controller 6.

The optical system 5 provided with the function of modu-
lating a laser beam 1s an optical device operating so that the
L.SI chip 1 1s scanned and 1lluminated by the modulated laser
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beam 8. The optical system 5 provided with the function of
modulating a laser beam 1s controlled 1n its operation by the
IR-OBIRCH controller 6.

The IR-OBIRCH controller 6 controls the respective com-
ponents of the IR-OBIRCH device 2. The IR-OBIRCH con-
troller 6 mounts a lock-1n amplifier, not shown, for taking out
only a signal of a preset frequency 1n an output signal of the
LSIchip 1. The IR-OBIRCH controller 6 takes out the modu-
lated OBIRCH signal, from the signal from the LSI chip 1, by
the lock-1n amplifier, and performs 1image processing for cor-
relating the OBIRCH signal, thus taken out, with scanming
points. An 1mage signal, corresponding to the so processed
IR-OBIRCH 1image, i1s output to the display 7. The
IR-OBIRCH controller 6 checks to see whether or not there 1s
an abnormal current route, based on the 1image signal corre-
sponding to the IR-OBIRCH 1mage. If ithas been verified that
there exists the abnormal current route, the IR-OBIRCH con-
troller 6 recognizes that the chip 1s the IDDQ abnormal chip.
IT 1t has been verified that there does not exist the abnormal
current route, the IR-OBIRCH controller 6 controls the test
pattern generator 3 to switch to outputting another test pat-
tern.

The display 7 displays an image based on the 1image signal
from the IR-OBIRCH controller 6.

The test pattern generator 3 generates a test pattern (signal )
for testing the LSI chip 1.

The operation of the apparatus for inspection and fault
analysis according to the first exemplary embodiment of the
present invention 1s now described with reference to the draw-
ings. F1G. 2 depicts a tlowchart for schematically illustrating
the operation of the apparatus for imnspection and fault analysis
according to the present first exemplary embodiment. FIG. 3
depicts a schematic view for illustrating the operation of the
apparatus for mspection and fault analysis according to the
present first exemplary embodiment.

Referring to FIG. 2, initially, a test pattern 1s supplied from

the test pattern generator 3 via stage 4 to the LSI chip 1 (step
Al). An IR-OBIRCH mmage 1s visually observed on the IR-

OBIRCH device 2 (step A2). To visually observe the IR-
OBIRCH 1mage, the optical system 5 having the function of
modulating the laser beam scans and illuminates the LSI chip
1 with a modulated laser beam 8. The optical system then
takes out the modulated OBIRCH signal, via a lock-1n ampli-
fier of the IR-OBIRCH controller 6, and performs image
processing for correlating the OBIRCH signal, thus taken out,
with the scanning points. The optical system then displays the
IR-OBIRCH image on the display 7, based on the image-
processed 1image signal.

The optical system then verifies whether or not there 1s an
abnormal current route 1n the IR-OBIRCH 1mage displayed
(step A3). The decision on whether or not there 1s an abnormal
current route 1s given 1n dependence upon whether or not
there exists a contrast indicating the presence of an abnormal
current route 10 1n the IR-OBIRCH image. For example,
referring to FIG. 3, there 1s no contrast 1in the IR-OBIRCH
image of a normal chip. Conversely, with the abnormal chip,
there 1s presented a contrast, indicating the abnormal current
route 10, 1n the IR-OBIRCH 1mage. Thus, the difference
between the normal and abnormal chips may be noticed both
in case of the larger IDDQ value and in case of the smaller
IDDQ value. However, in the case of the larger IDDQ) value of
the normal chip, laser modulation and signal takeout by the
lock-1n amplifier are indispensable for improving the S/N
ratio.

IT 1t 1s determined that there 1s an abnormal current route
(YES of step A3), the chip 1s determined to be an IDDQ

abnormal chip (step Ad).
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If 1t 1s determined that there 1s no abnormal current route
(NO of step A3), the test pattern 1s switched to another test

pattern, which 1s entered (step AS). The steps A2 and A3 are
repeated until a decision 1s given that there 1s an abnormal
current route (YES of step A3).

Although it 1s presumed that the steps A3 to AS are carried
out by an automatic operation by the IR-OBIRCH controller,
these steps may also be carried out by a manual operation.

With the first exemplary embodiment, an abnormal chip,
tor which 1t has been difficult to 1dentify as being an IDD(Q)
abnormal chip, may readily be identified as such. That s, even
in case of a large power supply current of a normal chip, 1t
becomes possible to 1dentity a given chip as being a normal
chip or an abnormal chip. Further, the LSI tester, which it 1s
necessary to use in the related art (comparative) examples 1
and 2, may be dispensed with, and an inexpensive test pattern
generator may be used, thus enabling low cost testing. Addi-
tionally, the step of 1identifying an IDDQ abnormal chip and
the step of detecting the abnormal current route and the defect

may be carried out simultaneously, with the result that the
IR-OBIRCH image may be observed efficiently.

Second Exemplary Embodiment

The method and apparatus for inspection and fault analysis
according to a second embodiment of the present invention
are now described with reference to the drawings. FIG. 4
depicts a tlowchart schematically showing the operation of an
apparatus for inspection and fault analysis according to the
second exemplary embodiment of the present imvention.
FIGS. 5(A) and 35(B) are schematic views showing
IR-OBIRCH images acquired with the apparatus for inspec-
tion and fault analysis according to the present second exem-
plary embodiment. Specifically, FIG. 5(A) shows the image
acquired under a standard condition for acquisition and FIG.
5(B) shows the image acquired under a high-speed condition
for acquisition. See FIG. 1 as to the constitution of the appa-
ratus for inspection and fault analysis according to the second
exemplary embodiment.

In the method and apparatus for inspection and fault analy-
s1s according to the present second exemplary embodiment,
an apparatus similar to the apparatus for inspection and fault
analysis according to the first exemplary embodiment 1s used.
However, the possible presence of the abnormal current route
in a chip 1s verified readily using an IR-OBIRCH image
observed at a high speed and, 11 there 1s an abnormal current
route in the chip, an IR-OBIRCH 1mage 1s observed under a
standard condition similar to that used 1n the first exemplary
embodiment to detect an abnormal current route and a defect
more accurately.

Initially, a test pattern 1s entered to the LSI chip 1, via stage
4, using the pattern generator 3 (step Al), and an IR-OBIRCH
image 1s observed at a high speed by the IR-OBIRCH device
2 (step A2").

Meanwhile, the IR-OBIRCH 1mage may be observed as
mentioned in detail with reference to the first exemplary
embodiment. The point of difference 1s that the IR-OBIRCH
image 1s observed at a ‘high speed’. To observe the 1mage at
a high speed, (1) the frequency of modulation 1s elevated, (2)
the scanning speed 1s raised, or (3) the number of pixels per
picture 1mage 1s decreased.

Under the standard condition, scanning 1s performed so
that a pixel of an 1mage will be acquired within a time on the
order of ten periods corresponding to the modulation fre-
quency. For example, 1f modulation 1s with 10 kHz, the period
1s 100 ps. Hence, the time within which a pixel 1s to be
obtained 1s set to approximately 1 ms, and the time constant of
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the lock-1n amplifier 1s set to approximately 1 ms. Under this
condition, a picture 1image of 1000 pixels by 1000 pixels 1s
obtained within a time of the order of 1000 seconds.

It 1s assumed that, to obtain an 1mage at a high speed, with
the above standard condition as reference, (1) the method of
raising the modulation frequency 1s used. It 1s also assumed
that, 1n this case, modulation 1s with 100 kHz, for example,
and a pixel 1s obtained within approximately 100 us corre-
sponding to ten periods. To obtain a picture image of 1000
pixels by 1000 pixels, approximately 100 seconds are needed,
meaning that an image may be obtained within a time of the
order of one-tenth of that under the standard condition.

(2) It 1s assumed that the method of raising the scanning
speed 1s used. If modulation 1s with a frequency o1 10 kHz, for
example, and a pixel 1s obtained within approximately 100 us
corresponding to the period of 100 us for the modulation
frequency, a picture image of 1000 pixels by 1000 pixels may
again be obtained within approximately 100 seconds, which
1s on the order of one-tenth of that obtained under the standard
condition.

(3) It 1s assumed that the method of decreasing the number
of pixels per picture 1mage 1s used. It 1s also assumed that
modulation 1s with a frequency of 10 kHz, for example, and a
pixel 1s obtamned within about 1 ms corresponding to ten
periods. In this case, a picture image of 300 pixels by 300
pixels may again be acquired within time of the order of 100
seconds, which 1s on the order of one-tenth of that obtained
under the standard condition.

If the above methods (1) to (3) are combined 1n such a
manner that modulation 1s with 100 kHz, a pixel 1s acquired
within about 10 us corresponding to 1ts period and a picture
image of 300 pixels by 300 pixels 1s to be acquired, a picture
image may be acquired within about one second.

I a picture 1mage may be acquired at such a high speed,
inspection may be carried out within a time interval approxi-
mately equal to that in case of measurement with an LSI
tester. Of course, 1f a picture 1image 1s acquired under such
adverse conditions, the image produced 1s lowered 1n quality.
It 1s however sufficient 11 the condition 1s set so that i1t can
barely be determined whether a chip 1s a normal chip or an

abnormal chip.
FIG. 5(A) depicts an IR-OBIRCH 1mage of a normal chip

and an IR-OBIRCH image of an abnormal chip, both of
which have been acquired under a standard condition.
Although the contrast 1s not noticed with the normal chip, the
abnormal current route 10 may definitely be noticed with the
abnormal chip. FIG. 5(B) depicts an IR-OBIRCH 1mage of a
normal chip and an IR-OBIRCH 1mage of an abnormal chip,
both of which have been acquired under a high speed condi-
tion. It 1s seen that contrast may not be noticed with the
normal chip, as above. With the abnormal chip, a contrast 11
ascribable to the abnormal current route may be seen 1n a
somewhat blurred state. Granting that the abnormal current
route 10 cannot be detected under the high speed condition,
such 1s not obstructive i 1dentifying an abnormal chip.

It 1s then checked whether or not there 1s an abnormal
current route 1n the IR-OBIRCH 1mage displayed (step A3),
in which the IR-OBIRCH 1image displayed may be blurred. If
it 1s determined that there 1s an abnormal current route (YES
of step A3), the chip 1s recognmized to be an IDDQ abnormal
chip (step Ad). IT 1t 1s determined that there 1s no abnormal
current route (NO of step A3), the test pattern, thus far used,
1s switched to another test pattern, which 1s then entered (step
AS). The steps A2' and A3 are repeated until 1t 1s determined
that there 1s an abnormal current route (YES of step A3).

If 1t 1s determined that a chip being tested 1s an IDDQ
abnormal chip (step A4), an IR-OBIRCH 1mage 1s observed
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under the standard condition (step A6) and, based on the
results, an abnormal current route or a defect 1s detected (step
AT)

With the second exemplary embodiment, 1n which high-

10

4. A method for manufacturing a semiconductor device,
including the method for inspection and fault analysis accord-
ing to claim 1.

5. An apparatus for detection and fault analysis, compris-

speed observation 1s combined with normal observation, an 5 1ng:

IDDQ abnormal chip can be identified even 1n case of a large
IDDQ value of the normal chip. In addition, the speed of
identifying an IDD(Q abnormal chip may be made higher.
Also, an LSI tester, needed 1n the related art examples 1 and
2, may be dispensed with, and an imexpensive test pattern
generator may be used, thus enabling inspection and fault
analysis at a lower cost.

It should be noted that other objects, features and aspects of
the present invention will become apparent 1n the entire dis-
closure and that modifications may be done without departing
the gist and scope of the present invention as disclosed herein
and claimed as appended herewith.

Also 1t should be noted that any combination of the dis-
closed and/or claimed elements, matters and/or items may fall
under the modifications aforementioned.

What is claimed 1s:

1. A method for mnspection and fault analysis, comprising:

delivering a test pattern as an input to a semiconductor

chip:

at the time of delivering said test pattern as an input, scan-

ning and i1lluminating said semiconductor chip with a
laser beam, so that said semiconductor chip 1s heated;
generating an 1image to visualize resistance changes 1n said

semiconductor chip resulting from said scanning and
illuminating step; and

determining a presence or absence of an abnormal current

route, based on said 1mage generated 1n said generating
step,

wherein said steps of scanning and i1lluminating said semi-

conductor chip and generating an image are carried out
under a first condition,

wherein, if the presence of said abnormal current route has

been determined 1n said determining step, a second scan-
ning and 1lluminating step 1s conducted upon said semi-
conductor chip under a second condition and a second
image 1s generated for visualizing resistance changes in
said semiconductor chip under said second condition,
and

wherein, after carrying out said step of generating a second

image under said second condition, a second determin-
ing step 1s carried out for detecting a presence or absence
of an abnormal current route conducting an abnormal
IDDQ 1n said semiconductor chip based on said second
image,

said first condition being a condition with a higher speed

than 1n said second condition.

2. The method for mspection and fault analysis according,
to claim 1, further comprising:

in the event that no abnormal current route 1s determined in

said determining step, delivering another test pattern
different from said test pattern as an mput;

at the time of delivering said another test pattern as an

input, scanning and illuminating said semiconductor
chip with the laser beam; and

generating another image to visualize resistance changes in

said semiconductor chip based on said other test pattern.

3. The method for mspection and fault analysis according
to claim 1, wherein said first condition 1s any of a condition of
1) using a laser beam of a higher modulation frequency than 1n
said second condition, 11) a condition of using a laser beam of
a higher scanning speed, and 111) a condition of decreasing the
number of pixels of said image per picture image.
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a stage configured to have a semiconductor chip mounted
thereon;

a test pattern generator configured to supply a test pattern to
said semiconductor chip via said stage;

an optical system having a function of modulating a laser
beam to scan and i1lluminate said semiconductor chip
mounted on said stage;

a controller configured to process a signal from said semi-
conductor chip through a lock-in amplifier, the lock-in
amplifier being configured to take out only a signal
portion of a preset frequency in the signal from said
semiconductor chip, said controller further configured
to perform 1mage processing to correlate the signal por-
tion with one or more scanning points to generate an
image signal, and to confirm a presence or absence of an
abnormal current route based on said image signal; and

a display section configured to display an image based on
the 1mage signal from said controller,

wherein said controller processes the signal under a first
condition, and

wherein said controller 1s further configured to, 1n the event
that the abnormal current route 1s confirmed as present,
process a second signal from said semiconductor chip
through the lock-in amplifier and perform a second
image processing under a second condition, and subse-
quently determine a presence or absence of a defect and
an abnormal current route conducting an abnormal
IDDQ 1n said semiconductor chip based on a second
image signal resulting from said second 1image process-
Ing,

said first condition being a condition with a higher speed
than 1n said second condition.

6. The apparatus for detection and fault analysis according
to claim 5, wherein said optical system operates so that said
semiconductor chip i1s scanned and i1lluminated by a modu-
lated light beam while said test pattern generator 1s supplying
said test pattern to said semiconductor chip.

7. The apparatus for detection and fault analysis according,
to claim 5, wherein said controller controls said test pattern
generator to, in the event that the abnormal current route 1s not
present, switch from outputting said test pattern to outputting
another test pattern different therefrom, said controller sub-
sequently processing a second signal from said semiconduc-
tor chip through said lock-1n amplifier and for correlating the
second signal with second one or more scanning points.

8. The apparatus for detection and fault analysis according,
to claim 5, wherein said first condition 1s any of 1) a condition
of using a laser beam of a higher modulation frequency than
in said second condition, 11) a condition of using a laser beam
of a higher scanning speed, and 111) a condition of decreasing
the number of pixels per picture image.

9. An apparatus for detection and fault analysis, compris-
ng:

a stage configured for recerving a semiconductor chip to be

mounted thereon;

a test pattern generator configured to supply a test pattern to
said semiconductor chip via said stage;

an optical system configured to operationally modulate a
laser beam to scan and illuminate the semiconductor
chip mounted 1n the stage;

a controller including a lock-in amplifier, configured to
perform a first processing on a signal output from said
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semiconductor chip via the lock-in amplifier under a first
condition, the lock-in amplifier being configured to pro-
cess only a signal portion of a preset frequency 1n the
signal output from said semiconductor chip,

said controller configured to perform a first image process-
ing to correlate the signal portion with one or more
scanning points to generate a first image signal, and to
determine a presence of an abnormal current route based
on said first image signal,

said controller further configured to, on determining a pres-
ence of the abnormal current route, perform a second
processing on the signal output from said semiconductor
chip under a second condition, generate a second 1mage
signal, and subsequently determine a presence of an
abnormal IDDQ 1n said semiconductor chip based on the
second 1mage signal; and

a display section configured to display an 1image based on
any of the first and second 1image signals generated by
said controller,

wherein said first condition 1s a condition having a higher
speed than 1n said second condition.

10. The apparatus according to claim 9, wherein said first

condition 1s any of 1) a condition of using a laser beam of a
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higher modulation frequency than 1n said second condition,
11) a condition of using a laser beam of a higher scanning
speed than 1n said second condition, and 111) a condition of
decreasing the number of pixels per picture image than 1n said
second condition.

11. The apparatus according to claim 9, wherein said con-
troller controls the optical system and said test pattern gen-
erator so that said semiconductor chip 1s scanned and 1llumi-
nated by a modulated light beam while said test pattern
generator supplies said test pattern to said semiconductor
chip.

12. The apparatus according to claim 9, wherein said con-
troller controls said test pattern generator to, in the event that
the abnormal current route 1s not determined present, control
said test pattern generator to generate another test pattern,
said controller configured to subsequently conduct another
processing on another signal from said semiconductor chip
through said lock-in amplifier and generate another image
signal based on said another test pattern.
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